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Charting the Wireless
Future (part one)
Mobile phones have created new mass mar-
kets for compound semiconductors. What is
the future for wireless technology? Human
beings have an immense capacity to take
things for granted. Things that just yester-
day seemed new and exciting either become
an integral part of life or are remembered
with fondness or derision. Technology only
continues to be successful when it looks to
the future. 
In the late 1980s, the US semiconductor industry
felt threatened by the challenge coming from
Japan and set up a “National Technology
Roadmap for Semiconductors” in 1992 as part of
its efforts to stay ahead or even catch up.This
was focused on the needs of the leading compa-
nies, Intel and the like.The NTRS looked at the
development of digital silicon CMOS for faster
microprocessors and denser memories.A few
years later, the US industry realised it couldn’t
just rely on domestic R&D.The aims of the proj-
ect became less protectionist and the
“International Technology Roadmap for
Semiconductors” (ITRS) was born in 1998 [1].
In recent years, supplied improvements in PCs
have not been met by sustained consumer and
business demand.This has led to a series of
crises for the companies focused on that market.
Producers of computer memory are a case in
point. Fluctuations in the average selling prices
of components, often to values below cost, have
led some to describe the dynamic random access
memory (DRAM) market as a “white-knuckle
roller-coaster ride”.
Hence the rise of that object known as the “cell”,
“mobile”, or “handy” (Germany), in the past
decade, came as some relief. In 2003, the ITRS
introduced a sub-section “Radio Frequency and
Analog/Mixed-Signal Technologies for Wireless
Communications”. Initially part of the docu-
ment’s “Process Integration” chapter, it became
independent in 2005.
The wireless market is not straightforward.
While the handset and the base station connec-
tion to the network are heavily technology-
dependent, the production of a working mobile
phone business depends more deeply on social
factors - Do people want the services on offer
and for what price? Can this phone make me
look sexy or important? One would guess that
the two main services used are the basic mobile
telephony and text messaging, the latter mainly
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Figure 1: Mobile phone block diagram.
among the “younger demographic”. Being a
technosceptic, one would further hazard that
other premium services - video streaming, inter-
net access, e-mail, sending of photographs - are
far behind in volume and even revenue.
An in-depth analysis of these matters is not my
purpose here.The point, rather, is that these fac-
tors put heavy cost pressures on the technology,
particularly the mass production handset. In terms
of the ITRS, one is looking at products three or
more years down the road, when mobile phone
operators are hoping the extra services will be in
widespread demand, along with the broader band
“third generation” (3G) radio frequencies they
paid so much to acquire.The roadmap also details
requirements for devices aimed at “millimetre
wave” frequencies above 10GHz.This will be the
subject of a second article.
Handsets
The standard mobile phone in the West already
contains a huge number of functions (Figure 1).
Most of these can be carried out with standard
digital technology based on silicon CMOS.These
are being increasingly “integrated”, so that more
and more functions are combined in single sys-
tems-on-chip (SoCs), or a number of chips are
combined in systems-in-package (SiPs).This
reduces cost through simplifying the final hand-
set assembly process, supporting the trend
where handset suppliers have increasingly
turned to outsourcing at third-party assembly
houses.
Where the III-V interest comes in is largely in the
power amplification (PA) of high speed RF sig-
nals for the transmit portion of the handset.
Transmitted power for these components can
range from tens of milliWatts to a few Watts to
produce a radio signal that can be picked up by
the nearest base station.The main mobile carrier
frequencies are around 900MHz and 1900MHz.
Further “extension band” frequencies around 2
and 2.6GHz are due to be used for 3G services.
Integration of RF power amplification into a sili-
con single chip would require a lengthy optimi-
sation and development - not just for the func-
tion itself but also in terms of signal isolation par-
ticularly of noisy digital circuits from the ana-
logue RF sections. Large RF signals require higher
ruggedness and breakdown voltagse than stan-
dard submicron CMOS.An integrated solution
with RF power amplification would likely use a
resistive silicon-on-insulator substrate for signal
isolation.
According to the ITRS, handset PA solutions are
moving from a packaged single die with sepa-
rate supporting RFICs to multi-band, multi-mode
integrated modules containing the amplifier and
several further components such as all or most
Figure 2: Cost projections for mobile phone PA module.
Figure 3: Base station block diagram.
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of the matching and bypassing networks.These
integrated components may also in the future
add power detection and management func-
tions, along with filtering and RF switches for
both transmit/receive and band selection func-
tions.Transceivers, frequency synthesis, and
some digital functions are seen as further logi-
cal extensions of the PA module. Eventually, a
single SiP radio module will have a digital inter-
face to the digital signal (DSP) and central
(CPU) processing units controlling the rest of
the handset.
Handset performance is a rather delicate func-
tion of the battery voltage. RF power amplifica-
tion operates most efficiently and linearly at a
rather higher voltage than is optimum for digital
circuits. However, since the main power con-
sumer is the PA, it is perhaps not surprising that
the previous expectation that the industry-stan-
dard handset voltage would be reduced from
3.2V to 2.4V has not been realised.This faulty
expectation, incorporated into previous versions
of the ITRS, has now been removed from the
2005 edition.The shift to 2.4V is not now
expected until 2009.This reduction will require
significant changes in semiconductor and power
management technologies.The slower adoption
of 2.4V reflects the slower pace and higher
ruggedness requirements of PA development
compared with digital components.
The roadmap gives four basic solutions for the cell
phone PA transistor - GaAs heterjunction bipolar
(HBT), GaAs pseudomorphic high-electron mobili-
ty (PHEMT), silicon metal oxide semiconductor
field effect (MOSFET), and silicon germanium HBT
(Table 1). Key performance parameters are seen as
being the maximum oscillation frequency (fmax),
breakdown voltage, linear efficiency, component
area and cost. Interestingly, cost is the fastest vary-
ing factor for the III-V solutions (Figure 2).The
main change in the physical requirements comes
at 2009 with the adjustments needed for the
expected reduction in handset battery voltage.
The target frequency range is 0.8-6.0GHz for the
period from now to 2018.
The two HBT solutions win on component area -
roughly 2.5mm2 is needed for a quad-band
GSM/General Packet Radio Service
(GPRS)/Enhanced Data Rates for GSM Evolution
(EDGE) PA solution including matching and fil-
tering.This expectation covers the period 2006-
2008.The SiGe solution is rather untested and
not present in significant volumes -multi-band
cellular PAs based on the technology have only
recently been sampled. However, the cost advan-
tage of SiGe compared with GaAs and the
prospect of integrating the RF power detection
and DC power management functions make it
attractive in the long term.Although CMOS PAs
have been discussed, and even sampled, there
has not as yet emerged a viable and rugged solu-
tion, at least in public.
From 2009, the SiGe solution is expected to
shrink to 2mm2 up to 2020, the end of the
roadmap, while GaAs HBT-based PAs will
reduce to 2.2mm2 in the period to 2016.
Beyond 2016, GaAs will join SiGe at 2mm2.The
GaAs PHEMT area needed for the same func-
tionality is expected to be 4mm2 until 2009,
when it is due to shift to 3.5mm2. Silicon
MOSFETs represent the least dense option at
6mm2.A MOSFET shrink is expected to take
this to 4.5mm2 in 2009 when the handset
operating voltage is due to drop. For both of
the FET technologies, the density is expected
to remain the same out to 2020.
Base stations
As the fixed connection to the communications
network, the base station transmitter unit can
and must transmit much larger RF powers of the
order 600W to communicate with much lower
power mobile devices (Figure 3).A single base
station may need to contain tens of these 600W
transmitters to adequately handle the wireless
traffic in an area.
While the ITRS frequency requirements for cellu-
lar handset power amplifiers are the same up to
2018, for the base station there are two
WirelessM A R K E T F E A T U R E
Figure 4: Cost projections for base station PA transistor cost/Watt.
timetabled changes at 2007 and 2010.All the
ranges start from 0.8GHz, but the upper limit is
expected to increase from the existing 2.7GHz to
3.5GHz and then 5GHz reaching out to 2020.The
bulk of present-day base stations operate at less
than 2GHz.The frequency hikes are expected to
enable the expansion of 3G services and for the
introduction of other technologies such as
WiMAX (Worldwide Interoperability for
Microwave Access).
WiMAX (IEEE 802.16, ETSI HiperMAN) is
aimed at delivery of last mile wireless broad-
band access as an alternative to cable and digi-
tal subscriber line (DSL) services with a typical
cell radius of 3-10km providing fixed, nomadic,
portable and, eventually, mobile connections
without the need for direct line-of-sight to a
base station. Speeds up to 40Mbps per chan-
nel, for fixed and portable access applications,
are expected.This bandwidth is designed to
support hundreds of businesses with T-1 con-
nections and thousands of residences with
DSL. Mobile network deployments are expect-
ed to provide up to 15Mbps within a typical
cell radius deployment of up to 3km. It is
expected that WiMAX technology will be
incorporated in notebook computers and PDAs
by 2007, allowing for urban areas and cities to
become “metro zones” for portable outdoor
broadband wireless access.The main focus is
on three bands - 5.8GHz, 3.5GHz and 2.5GHz.
The 2.5GHz band overlaps that which is ear-
marked for 3G extensions in Europe.The GSM
Europe organisation is fighting to have a
2.6GHz monopoly on its continent, while
WiMAX proponents want to take up some of
this space.This region of the radio spectrum is
particularly good at penetrating buildings and
other structures, compared with higher fre-
quencies.
The higher frequency performance demanded by
3.5 and 5.8GHz operation is expected to alter
the market balance.Today, Si laterally-diffused
MOS (LDMOS) commands in excess of 95% of
the market due to its lower cost.The residue is
picked up by more expensive GaAs FETs.
However, frequencies beyond 2GHz will be a
challenge for LDMOS and it is likely to create
long-term opportunities for new technologies
such as SiC and GaN, as well as increasing use of
the higher RF performance and efficiency of
GaAs PHEMTs in the near term. Unfortunately,
GaAs FETs are limited in operating voltage.The
maximum RF power of a single packaged device
is not expected to exceed 240W unless there is a
major change in the design of commercial com-
munication systems.
High frequency, high power transistor issues
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output; heat dissipation; and mean time to failure
(MTTF).These issues are somewhat linked. Large
transistors have larger input and output capaci-
tances creating impedance matching problems for
the links to the rest of transmitter amplification
chain. Poor matching reduces power efficiency
and makes it difficult to achieve the necessary
output power and linearity. DC to RF power con-
version efficiencies are at best 50% - the residue
becomes heat and high temperatures degrade per-
formance and reliability. One technique to enable
higher power densities in all materials is to use a
higher operating voltage, allowing reduced device
size for the same output power.
Base stations are designed for an MTTF of 100
years - meaning that on average half the sys-
tems fail pre-established degradation criteria in
100 years.While this may appear to be a long
time for services that may change completely
in a decade, reliability statistical analysis trans-
lates this into a 10% failure rate in 20 years.
Base stations are designed to be functional for
20 years.
In terms of long term potential at the higher
frequencies, the focus is on gallium nitride
(GaN) based RF power transistors.These
devices could achieve much higher power
densities than Si, GaAs, or SiC, creating the
physically smaller units that are easier to
match the rest of the transmitter system.
Further, GaN has better thermal management
prospects since its wider bandgap implies that
its RF performance should, when the technolo-
gy becomes mature, degrade more slowly than
Si or GaAs at elevated temperatures, resulting
in better device reliability and longer MTTFs.
And if the GaN is grown on high thermal con-
ductivity, but very expensive, silicon carbide,
even higher power densities can be achieved.
Other possible GaN substrates include sap-
phire (Al2O3), Si and bulk GaN wafers. Each
substrate type has its own advantages and dis-
advantages. High heat dissipation packaging
would also be needed to take full advantage of
GaN’s potential.Although present-day GaN
devices are not yet mature enough for applica-
tion, progress is being made on this significant
promise [2].
Nearer to application are SiC devices that have
many of the advantages of GaN, but to not quite
as high frequencies [3]. In the near term, SiC
MESFETs are expected to provide a stopgap 
solution while GaN matures. SiC offers higher
voltage operation or power density than Si
LDMOS or GaAs. In 2005, Cree released a SiC
device rated at 60W - about one quarter less than
current Si LDMOS/GaAs FET devices.
All devices will have to meet expectations for
decreasing costs of base station PA compo-
nents, partly enabled by rapid savings from
conversion to plastic packaging from ceramic
(Figure 4). By 2013, the cost is expected to
reach US$0.25/RF Watt, almost a third of
2005’s US$0.70/W.
One final aspect for power amplifier design is
that code-division multiple access (CDMA)
demands greater linearity - i.e. the PA must be
operated further from saturation compared
with less complex technologies. Unfortunately,
third generation technologies tend to be based
on some version of CDMA - the wideband
WCDMA or CDMA2000 - allowing for more
data carriage per frequency bandwidth.The
available power for transmitters operating in
this more linear region is about half that of
more saturated, same size devices for other
coding technologies. Further, power added effi-
ciency (PAE) is always less in more linear oper-
ation.
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Table 2: ITRS requirements for base station PA module transistors. Red blocks indicate that
“manufacturable solutions are not known.”
